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THE OXIDATION OF EXHAUST QASEC AT ROOM TEMPERATURE

By Harold C. Gerrish, J. Lmrence Meem, Jr.
and Vivian C. Tuck

SUMMARY

An investigationwas made to determine the effectiveness of’
various oxides and oxide mixtures in cncidizingat mom temperature
the exhaust gases from an internal-combustionengine for the deter-
mination oi fuel-air ratio. The oxides of silver, copper, manganese,
cobalt~ nickels iron, cerium, lead, bismuth, and mercury were tested
individually and h various combtiations. At a fuel-air ratio of
0,U90 and a Has flow of 100 cubic centkters per minute, it was
found that varioua oxide mitiures would completely oxidize the
exhaust gases at room temperature but tho useful life of the three
best oxide mifiuros was only about 60 minutes for the 20-gram
sample, which precluded their use for the service intended. The
best oxide mixtures were those of silver with Hopcalite.,sflver
with cobalt antinickel, anclsilver with manganese. Although SOHB

oxides had an inhibiting effect on each other, silver oxiclehad a
prcmmting effect on the life of almost any oxide or ofide mixture
tOStCC1.

INTRODIJCTION

Power, economy, r~o, and safety of aircraft are dependent
upon the fuel-air ratio of the engine mbcture. The fuel-air ratio
may be determhed in flight by the oxidized exhaust-gas method des-
cribed in reference 1 but the difficulty of maintaining the oxi-
diser at the required temperature, &)@ C to ‘l@ C, and the
servicing problem are objectionable.

The purpose of this investigationwas to mintize these
objections by employing an ofide or a mixhzre of oxidee hat would
function at room temperature..-In order h function satisfactorily,
the oxides must oxidize the carbon monozbie, the hydrogen, and the
hydrocarbons in the exhaust gases. Figure 1, the data for which was
taken from referenm 1, shows the anrmnt of these constituents as a i
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function ~r the fuel-air ratio. The result~ carbon-dioxide con-
tent on a dry basis after the oxidation of the combwtibles is shown
on the curve labeled 002, oxidized exhaust.

Considerable work has been dono on the oxidation of carbon mon-
oxide in air. Hopcalite, a mbrhrre of cupric oxidn ati manganese
dioxide (reference 2), will briqg about the oxidation of carbon mon-
oxide in air at temperatures of 0° C or below. Marf@neso dioxide,
nicknl oxide, and cobaltic oxido have been prepsred in a pure state
and havo been usotito hrinflabout the oxidation of carbon monoxide
in air titsimilar t.vnpcratums (reference 3). Little i~L’ormation
exists on Lhe catalytic oxidation of hydrogen at low temperatures
except by the use Dr tiii>HJre-metal oxidesj SUCh as SilVeY7jgOldJ
platinum, or pal~adium.

A total of 48 oxides or oxide mixtures was investigated to
determine u ~acticable means for oxidizing the exhaust gases. This
invustigattonwas started in the spri~ of 19.!ilat the Langley Memo-
rial Aeronautical Laborati7ys Langley Yield, Vs., and was concluded
in the spr@ of 19!lj at the J&craft Engine Research Labnratmy,
Cleveland, Ohio.

Alt!mugh the exact chemical composition of some of the oxides
to be disc.-msedmay be questioned, this ruport is not concerned with
the chemical analysis of the subsLances pr[~paredand no experimental
proof of fiirm!li.a8is .J.’(? sLXh~d. ThG formulas are based on those
gi+nercl~ accepted i’cr si.i.lar;NWparations.

Most of thc~]~!3oxides were preparcxlby the basic precipitation
of tlm atallic cKL71esfrom the metallic ?lit?Wt~S. Nitrates were “
used besauu~ of their !Jjghsolubilities in water and sodium and
pata~sium .qrdroy.ideswore use:las the precipitating bases. After
the oxides or tha mixtures of oxide3 had ~beenprecipitated, they were
repeatedly wasltidwith distilled water unti1 a constank pH was
reached. T[m pH of the vmicas precipitating solutions was dcter-
minnd with a @ass-electrode pIimeter ir.all cases involving chlorine
and by colorimctric mama in all cases involvi~ silver or mercury
compounds. About six w.-.shingsmere usually sdficient. After the
precipitate was washed, it was I’iltcred,dried to a semimoist con-
dition, and comprcwsed in a hydr~ldic ~Jrd w b Wilenthe resulting
calw had been dried ~or sweral hours at ubout 110° C, it was broken
up and screened to a particle size of 10 to 20 nsh.

The methods of proparhg the variaus oxides and oxide mixtures
are prusented in table I in the following order: silver oxide with
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Hopcalite, individual oxides, silver oxide with individual oxides,
mixhres of two individual o@des, and silver oxide with mixtures
& two individual oxidss. Future-reference”to the oxides and the
axide mixtures will be made accord- to the nunibersassigned ‘in
the tables for example, I&@ (6) will refer to the sixth oxide
given in table 1.

APPARATUS AND METHOD

Tho testing apparatus used in the investigation is shown in
.E’igure2. A schmnatic diagram (fig. 3) shows the gas circuit and
the auxiliary apparatus. In all tests the -de or the oxide
mixtura WAS placmi between layers of cnlcium chloride in the test-
oxide chmiber (a glass tube of l-in. outs.tdediameter). The sample
tide was activated beforn each experimmt by plactig the test
chantmr h an c112ctricfurnace an~ passinn a stream of - at 150° C
through th~:tube for a period of 1 hour. The charhcr wac then
removed fron tbm furnacctand placed in the s.%t?m, .asshcmn h
fQ~~ 3,

Normal or unoxidized eyhaust gas was obtained fron a four-cycle
l/3-horsepower sin~lc-cyli~r a~=ine. ‘lhcsir‘gainof gas comi.ng
from the engfne i~~s cliridedinto t YO circuito. In Dfincircuit the
exhaust cas flowwl into a sur~e tmk and into a stxinies n-steel
tube of l-inch outsiclecl!amet.srcomiainin~ cnrric OYidc maintained
at a tempsraume of 709° C. The rmsult+.n,go;:i~izsd gus then went
into a desiccator (containing cdcim chlmtilc), into an.iLyzcr2
(consisting of a th,?r.@-cnndllctVLtitybrid[;e),into a bubbler, and
finally into an M3at gas analyzer. In t!loothar circuit the gas
was passed to a surge tanlc,a con~tant-flow control tube, a desic-
cator (containing C“i”LchJU chloride], an unhated tl?st-mci.dechamber,
a second d:;siccator,into analyzer 1 (also cominting of a thmmal-
cmductivity brid~e), tits a bubblm , and finally into an Orsat gas
analyzer. The c’mnges in thermal conductivity of the bridges h the
analyzers were imflic~tbjdwith a potontiomoter. Thn bridqo potentisl
obtained from analyzer 2 wus used as the standard co detcrmim the
percentage oxidation of th(.~as passing through the test oxide and
analyzer 1.

The normal whmst ~as was gaswd first through the complete
combustion furnace w%m all combmtibl.vswm midizcd and thm
through botli analyzers to staadardiza thu ins%rumnts and obtain
observationA, which is the bridge potontial o.f190 percent oxidizad
exhaust [{as. Thl?normal mhauet gas was then pacsad through ana-
lyzer 1 ~ss~ tinetnst oxide to obt&in obsermtion B, the bridgo
potontial for
recorded from

C, the brfigc potential
was obtained at pericdic
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Mmwals while the normil axhaust gas was passfig through the test
oxide. All obs:’rvationswme recorded in millivolts. During the
recording of observations E and C, the completely oxidized ‘exhaust
gas flowed continuously through analyzer 2 to insure that the mi.-
ture delivered ~ the engino did not change during the tnsts. The
cfficienoy of oxidaticm or the valua of each oxide as an oxidant

WaS defined aS - B x 100, taking into accnunt the proper chango
k

im.sign when go5ng from a positive to a negativa reading, and is
indicated on the figurcs as Oxidation efficicnoy, percent.

The folluwing conditions were constant for all tssts unless
otherwlse noteds

Fuc&airratio... . . . . . . . . . . . . . . . . . ...0.090
Rate of flow thrcv,h test oxido, “ “ “

cubiccenti.wterspcr minute ODGO. ..O ;.. . . ..O 190
etity~test oxido, gra=. . ..@. o . . . . . . . . . . 20
I?articlo size” cfl t(+st” okidc . . . . . . . . . . . . 10 to 20 mesh
Fuel . . . . . . . . . . . . . . . . . lCX3-octaneaviation gasoline
I&drogen-oarbon ratio of fuel . . . . . . . . . . . . . . . 0.188

TESTSAMI RHJiiTS

TMts
individu~

wi>remade on individual oxides, on silver oxide with
oxides, on rdxtmrcs of tvm individual oxidrs, and on

silver oxida vtith mixtums of two individual oxides, Results of the
tests arc shmn in figures 4 to Is. lh ordr?rto prevant confusim,
the cx1y3rimxkal p553ts are not plotted on th3 figums. Experimental
data tables arc av~ilable upon requast from tho NACA at Cleveland, Ohio.

Throughout the fOlhwing diSCUSSiOTlthe OxidCS and the oxid~
mixtures till be compared with each oth,~rin term of efficiency of
oxidation, over-all 1i.faof oxidation, and usci%l life of oxidation.
her-all life i~ dcfined as that period of tinm from thn initisl
indication d’ oxi&~tion to the end of any im.dication of oxidation.
Uscful 1“tieis dcfimd as that portion of the over-all lif~ at which
th’soxide is wlthin $ pcrc+nt of its maximum Qfficicnoy of oxidation
provided th~% mzxinum efficiency is tithin tho range of 90 to
lW Porcmt.

Silver oxide tith Hopca.lito

Hope-=it.ewas the first material t~stnd for low-temperature
oxidation of exhaust gasas, inasmuch as a largo amount d infmmation’
is availabl~ in the literature concarninE the oxidation of carbon
monoxide using Hopoalite. The poor oxidation cur= of Hopcalite is



NACA ARR No. E~Ola 5

shownin figure 4. Ekmause silver oxide can be reduced ~ hydrogen,
it was believed that titures of silver otide and Hopcalite would

-. “uxi-dtzelmth the-carbon -mmo~ and the hydrogen in sxhaust gases.
The results of a series of tests Involving varloue amounts of silvm
oxide ulth Hopoallte are shovm in figure 4. The better performance
with respect to effiaien~ and useful life of mixhres of silver
oxide and Hopcalite over either one alom is readily apparent.
According to the data in this figure, the concentration of silver
oxide is not critical in the range of 15 to SO percent but, because
the mixture of 25 percent silver ofide and 75 percent Hopcalite gave
the longest useful life (60 tin for the 20-gram sample) this con-
centrationwas used with subsequent mixtures of other oxides.

Individual Oxides

The results of testing three ~f orent prep.zrationsof manganese
dioxide (oxides (6), (7), and (8) of table I) and three different
preparations of cupric oxide (oxides (9), (10), and (11) of table I)
are presented in figures 5 and 6S mspectimw. The figures indicate
that Mn02 (6) is better from a considerationof over-all life and
efficiency than Mn02 (7] or W@ (8)s and CUO (9) is better than
CUO (10) ard CUO (11). AU subsequent ndxtures involvhg these
oxides will therefore be based on thQ acid decomposition of potassium
permanganate (oxide (6) of table I) in the case of manganese dioxide
and on the trealment of cwpric nitrate with potassium hydroxide and
air (oxide (9) of table I) in the case of’cupric oxide unless other-
wise stated.

Figure 7 compares the results obtained from all the individual
oxide~l. The oxides of iron, ce~.um, lead, bismuth, and mrcury gave
no oxidation. The activity of cabaltic oxide was the most outstanding
of the group. In view of the results that w1ll be discussed, it is
interesting to note the comparatively poor activity of mnganese
dioxide and silver oxide.

Silver Oxide with Individual Oxidss

As shown in figure ~, manganese dioxide prepared by different
mthods Cave various degrees of oxidation. The question arose as
to mlmther IiISmost active oxide of the individual preparations of
_aneso dioxide would give the best oxidation and life when mixed
witi silver oxide. The test results h figure 8 show this to be
the case. Tha great increase In the eff icxiency and usef il. Life of
oxidation brought about by the addition of silver o-xtde is demon-
strated as It was in i’igure h when silver oxide was mixed with ~
Hopcalite. The meful MIe of the best nxkture of silver oxide and
-w-se ~ofide w- wwom~~ @ tinties for the 20-Eram ssmPIs.
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comparative oxidations obtained from testing all the miJc-
the individual oxides with 25 percent silver oxide is

presented in figure Y. The comparison ~f this figure with figure 7
shows: (1) that silver oxide added to the oxides of &on, cerlum,
mercury, and cobalt materially assist their oxidizing ability and
W%; and (2) that the addition of silver oxide does not necessarily
assiet the activity in the order shown fcr the single oxides. The
best
when

uingle oxide did not give the best lii’eand oxidiaing ability
mixsd with silver oxide.

Mixtures of TWOIndividual Oxides

uecause cobaltic oxide gave the best efficiency ati useful life
of a~ individual oxide (fiE. 7) nnd manganese dioxide gave the best
efficiency and useful life of any ofide prozmted with silver oxide
(fig. 9), tl+stswere made on tmw different preparations involvtig
mixtures 01 these oxiclos. As can be sacn in iigur-J10, rwither of
tilepreparationswas very ticl.ivsswhich ti~lcatt?sthat oxides my
act as inhibitors on ea~h othvr as realily as they may act ae
p-omtf~rs.

l?igure 11 s.tis the com@ative oxidation givun by three mti-
tures 01 cupric oxide with msnganeso dioxide. Neither of the two
cupric oxide-nwnganese dioxide mti.t’uredprepared in this laboratory
gave as satisfactory

t
oxidation as Hopcalite. In each preparation

tileproportions 01” u perct~nt cupric oxide and 60 percent ma~,anese
dioxide specified in referanca 2 var~ used. The cupric oxido pre-
pared from .scdiumcarbonate had tlie~emi~.h +poaranoe of basic
cupric carbonate (oxi* (11) oi’ tabl~ Ij. When this oddi: was
mixed with manganese dioxides imwever~ it showed an activity nearer
to that of liopcalite thcu tlm preparation containing cupric oxid~
made by troati!qg cupric nitrate witn ~mtassiun hydroxido and air
(oxide (!3) c~f ti.ble 1).

The comparative oxida Lion of mixtures of two tildi tidual. oxides
is presented in figure 12. Attention is called to the activity
shown by co’oaltic oxide in t~d).hat~L~n with nickel o.~ido.

The efi’oct of a’ddi~ a;l!mximately 2S prcent L+ilvar oxidn to the
~ure~ 01 tw.1oxides is Snown in figure Ij. The silver oxide-
Hopcdita and tho c~flvermcide-cobaltic oxide-nickel oxide mix-
tures have the mm life (60 tin for tho 20-gram sampl~) at msximum
oxidation efficicncy. Inasmuch as manganese dioxide is the main ,
constituent of llopcalitQand cohaltic oxide Is the most activv of



the tidiwidual. oxides (fig. 7), it muld appear that a mixhre of
silver oxlxle,manganese dioxide, and cobaltic oxide wmild give good.... .
resilts. On the ctitrary, figm’e 13” shows that this. mixture gave
the poorest results, again bearing out previous observations that
the oxides q act as tibitors upon each other.

Under the influence of silver oxide, Hopcalite has oxidaticm
characteristics closer to those of manganese dioxide (fig~ ~) th@n
to the mixhres of cupric oxide and manganese dioxide (fig. 11).
The results of these tests are presented in figure 14. It ~ be
concluded that the mixture of sflmr oxide and manganese dioxide is
about as effective for the oxidation of exhaust gases as that of
s.fiveroxide and Hopcalite.

A series of tests was made invol~ various cozibinationsof
the oxides of silver, mercury, and manganese to study the promoting
effect of silver snd mercuric oxide3 on manganeso cliuxide● Figure 15
presents ths results of these tests. Although the ovor-all lfle of
the ndxbure of m?rcuric oxide and manganese dioxide approaches that
of the mixture of silvm oxide and manganese dioxid”?,the useful Wfe
is short. From an analysis of all the.figures, it is obvious that
silver oxide has a marked promoting effect on almost any axide or
cucidemixture.

The three best preparations shown in the results were silver
oxide-Hopcalite,silver cxidc-man~ancse dioxide, and silver &hle-
cobaltic oxide-nickel oxid.?. It should be emphasized that the
2$-percent concentration of silver axid~ used in thu pr~parations
may or msy not be t!m?‘bestconcentrationpossible with mixtures
other than Hopcalitc. Inasmuch as this concentrationwas used con- .
sistmtly, however, the rssults should be co-able.

DIWJWYION

In the oxidation of exhaust Eases as described in this report,
the reqltienmnts of the oxide or the oxide nkt’turein furnishing
oxygen to the reaction differed from those of Hopcalito in oxidizing
carbon men-de in air. The dde or the cncidemixlarrowas requirad
to furnish sll tho cq~m,n for tho vwrious reactions without the
presence of oxygen with which to rmxidizo itself. Catal@ic oti.
dation h air my be infinite in Iifo, inasmuch as the oxygenremoved
from the oxide by the reacting gades w bc z%placed by the axygen
h air. If air had been available for these room-temperature
reactims, much longer lives could have beun mpocted.

The life of the oxide or tho oxide mixture was also limited by
the amount of axygen availshle in the mcicle,the quantity of sample,

..
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the emountof unburned oo~~tibles, and the rate of”gas flow. There
is slso reason tm believe that the lfle of the oxide or the oxide
mixture was affected by the water of the oxidation process filling
up the pores of the oxides. High porosity has been generally con-
sidered an important property of oxides of this type (reference 4). “

The technique required in the activation of eaoh test ofide was
obtained from the best results given in the literature (references S ,
to 8). The heated air passing over the test oxide may have had two
effects upon its (1) it may have removed water of hydration or
(2) the oxygen present in the heated air may have combined with the
oxide to some extent. From observation in the laboratory, the first
supposition seems more likely.

It is noted that the average indicated efficiency of oxidation “
by the best test oxide was slightly lower than 10G percent. When
one stream of normal exhaust gas was passed through ths test oxide
and ~anotherstream of normal.exhaust gas t’romthe same source was
passed thm ugh tinecupric-oxide fUrnace, a clifference in carbon-
dioxide content was noted. The gas oxidized by tha test oxide was
lower in carbon-dioxide content Wan tht oxidized @ the cupric-
oxide furnace~ however, when the gaa, which appeared incompletely
oxidized, was passed Lnto the cu~ic-otide fuvnace, no additional
azmunts of carbon dicncldecould be detected. The loss of carbon
dioxide was etidentl.ydue to some zone of adsorption or absorption.
in the test oxide and not to incomplete oxidation.

Although the exhaust gas oxidized by these test oxides can be
used for determining fuel-air ratio, the life is insufficient for
service application.

SUMMARY OF RESULTS

From tests made on the effectiveness of 1L8oxides and oxide .
mixtures in completely oxidizing at room temperatu~ tiieexhaust gas
from en interncl-combustioneqgine operating with 100-octsne gasoline
at a fuel-air ratio of 0.09CJsnd a gas flow of 100 cubic cent~ters
per mhrte, the following r=milts were obtained:

1. Exhaust gas was cor@etely oxidized by various oxide mix-
tures at room temperature for a short period of time but the maximum
useful life of tic three best oxide mixtures W.S apnroxhately
60 minutes for the 20-gram sample, which precludes their use in
service installations for.the determinationof fuel-tir ratio.

#
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2. The best oxtde mixtures were those of silver oxide with
,Hopcalite, .Silveroxide,yith the oxides of cobalt and nickel, and..........
silver @de with manganese dioxide,

3. Although some oxides had an inhibiting effect on each other,
silver oxide had a prmnoting effect on the life of almost any oxide
or oxide mkxture te&d. -

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio.
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TABLE I - PREPARATION OF OXIOES

Ox ide Assumed reaction Descriptive technique

Silver oxide with Hopcalite

(1). 5% Ag,ll 2AgiiOs+Hopca] ite+2KOH +Ag?O+Hopca Iite
95% Hopcalite

In [1) through (5) a
+2KN03+H20 weighed ●mount of

commercial Itopcalite
was ●dded t6 ● solution

, containlnq the necessary
amount of AgNOa to 91ve
the concentrations of
AgaO and Hopcalite spec-
ified in the mixtures-

(2). 10% Ag,O See (l). See (l).
90% Hopcalite

(3). 15% Ag,O See (I).
85% Hopcalite SeeI (l).

(W). 25% Ag,O
See (l).

See (l).
75% Hopcalite

(5). 50% A9,0
See (l). See (l).

50% Hopcalite
4

Individual oxides

(6). MnO, QKMn04+4HN0,4 UMn0,+4KN0,+2H,0+30, Care was taken in the
reaction to keep the
temperature below 60°C
so that the resulting
product would not
sinter and become in-
active.

(7). MnO, Mn(llO, ),+4KOH+Cl, -MnO*+2KN0,+2KC I+2H,0 Cl, was bubbled
through the solution
before and during the
addition of KOH.

(8). MnO, 3Mn(N0, ),+2KMn0.+2H,0-- 5Mn0, +2KN0,+’4HN0. The reaction was ac.
compl ished by the ox-
idation of Mn(NO,),
in the preeence of

concentrated HNO,.

(9). Cuo “ CU(H0,),+2KOH- -CUO+2KNO, +H,O Air was bubbled
through the solution
during the entire
reaction to insure
the presence of
sufficient oxygen.

(Io). cuo See (9). Cl, was employed in-
stead of air. In
each case Cl, or 0,”
served to maintain
C“++ at hjgher

.
valence.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

‘\,

I) —_—



MACA ARR No. E5BOla II

TABLE I - pREpARATlOH OF oxioEs - Contlnuod

Oxide Assumad reaction Descriptive technique

(11). cuo CU(tiO, ),+Ha,CO, _CuO+2Nal10,+C0,
This reaction attempted

or 2Cu(H0,);+2Na=C0,+H,0- CUCO, CU(OH), to reproduce the CUO

+411aHo*+2co,
reaction given in the
Hopcalite patent
(reference 2). A green
compound resembling
CUCOS CU(OH)Z resulted.

(12). Ag,O 2AgN0,+2KOH+ Ag,0+2KN0,+H,0

[13). Ni~O, 2Ni(H0, ),+6KOH+Cl,-11 i,0,+2KCl+VKH0, see (7).
+3H,0

(14). Co,o, 2CO(H0, ),+6KOH+C I,-C0,0,+2KC I+4KN0, See (7).

+3H*0

(15). Fe,O, 2Fe(H0, ),+6KOH _Fe,0,+6KN0,+3H,0 See (7).

(16). CeO, 2Ce(N0, ),+8KOH+C l,-2Ce0,+2KC I+6KN0, See (7,
+UH20

[i7). PbO, Pb(NO, ),+4KOH+C12_Pb02 +2KCI+2KN03 The PH 0~ the solution

+2H,0 was watched carefully
so that It would not
become too basic for
example, ●bove 9.0

[18). Bi,Os 2Bi(N0. ),+ 10KOH+2Cl, __B i,0e+6KN0, See (17).
+4KCI+5H20

(19). HgO Hg(NO, ),+2KOH_ HgO+2KN0,+H,0 Care was taken to keep
the eolution cool.
The reeulting precipi-
tate was yellow.

Silver oxide with individual oxides

(20). Ag,O-MnO, MnO, from (6). In (20) through (30)
a weighed amount of
x-oxide was added to
a solution containing
the necessary amount
of AgNO, to give a
25% Ag,O-755 x-oxide
mixture. AgzO was pre-
cipitated in the
presence of the x-oxide
by the additloa of KOH.

(21). Ag,O-MnO, MnO, from (7). See (20).

(22). Ag,O-MnO, MnO, from (8). See (20).

(23). Ag,O-Ni,O, See (20).

(24). Ag,O-Fe,O, See (20).

(25). Ag,O-CeO, See (20).

(26). AgsO-Co,O, See (20).

(27). AgsO-CuO CUO from (9). See (20).

,
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TABLE I - PREPARATION OF OXIOES - Continued

Ox ide A~8umod reaction Descriptive technique

(28). Ag,O-Bi,O, See (20).

(29). Ag,O-PbO, See (20).

(30). A9,0-H90 See (20)0

Mixtures Of individual oxide,

(31).40%Cuo “ CU(IIO, ),+2KOH- CUO+2KN0,+H,0 MnO, was added to ●

60% MnO, MnO, from (&). solution of Cu(HOs)t

●nd CuO was precipi-
tated with KOH while
●ir was bubbled
through the solution.

(32).40% Cuo Cu(liO, )a+Na,CO,- CuO+211aN0,+C0, Ha,CO, was ueed for
60% MnO, or 2Cu(M0, ),+2Na,C0,+H,0 -CUCO, CU(OH), the raaaon given in

+411aNo,+2co* (11). MnO, waa added
Mn02 from~~ to the solution while

the reaction was
taking place.

(33). Cuo
MnO,

This ❑ ixture waa
commercial Hopcalite
obtained from the
Mine Safety Appliance
Company.

(34).:4 W:, These oxides were pre-
cipitated separately
and mixed in a water
solution.

(35).50% Co,o, 2CO(N0= ),+6K0H+C12_C0,0= +2Kcl+*Kt;o, The oxides were pre-
+3H,0

50% Mn02
cipitated simultaneously

Mn(HO, ),+4KOH+Cl, -.NnO~+2KNOo+2KC1 by adding KOH to the
+2H20 Cl, saturated solution

of Co(NO, ), and
Mn(HOa )2.

(36).50$ CO,O, 2CO(N0a ),+6K0H+Cl,_C0,0, +2FCI+4KM0, See (31).
+3H*0

50% Cuo CU(NO, ),+2KOH-CU0.2KN0,+H20

(37). 50Z Ni,.o, 2Hi(110, ),+6KOH+Cl,-Ni ,0,+2KCl::~::, See (31).

50% MnO, Mn(NO, ),+4KOH+Cl, -Mn0,+2KN0, +2KCI
+2H,0

(38).50% Ni, O, 2Nl(N0, ),+6KOH+Cl,-Hi ~0.+2KCl+UKN0, See (31).
+3H,0

50% Cuo CU(NO, ),+2KOH- CUO+2KH0,+H, O

(39).50% CO*O, 2CO(110, ),+6KOH+CI,-C0,0,+2KC i::j::, See (31).

50% Ni,o, 2Mi(li0, ),+6KON+Cl, -,Hi ,0,+2KCI+UKN0,
+3H*0

(UO]. 25% HgO Hg(NO, ),+2KOH+ HgO+2KN0,+H,0 MnO, was added to a
75% MnO, MnO, from (6). solution of Hg(NO,),

and HgO was precipi-
tated with KOH while
air was bubbled
through the solution.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

.



IIJACA ARR Ho. E5BOla 13

TABLE I - PREPARATION OF OXIOES - Concluded

nwirlm I Assumed reaction I Descriptive technlaue
“..,”- 1

Silver oxide wi,th mixturss ‘of individual oxides

(Vi). Ag,O -In (41) through (*5)
CO*O,
Hi,O,

a wsighed amount of
xl-oxide ●nd x,-
oxide was added to a
solution containing
the necessary amount
of AgHO, to give a
25$ Ag,O-37.5$ Xi-

oxide-37.5% xz-oxide
mixture. Ag,O was pre-
cipitated in the
presence of the x-
oxides by the ●ddition
of KOH.

(*2). Ag,O MnO, from (6). .
lli,O,

See (41).

MnO,

[43). Ag,O CUO from (9)0
CO*O,

See (41).

Cuo

@U). Ag,O MnO, from (6).
CO*O,

See (VI).

MnO,

[45). Ag,O CUO from (9). See (41).
lli,O,
Cuo

(*6). ::;0 CUO from (9). In (46) and (47) a

MnO, from (6).
weighed amount Of

MnO,
uo~ CIIO-60% MnO,
mixture was added to
the necessary amount
of AgliOo to give a
25$ Ag,O-30% CU:;::%
Mn02 mixture.
wae precipitated in
the presence of the
CuO-MnO, mixture by
the addition of KOH.

!7). Ag,O See (Q6).
Cuo . CISO from (11)
MnO, MnO, from (6).

&8). Ag,O
Hgo

A weighed amount of
manganese dioxide was

MnO, MnO, from (6). added to a solution
containing the neceesary
amounts of Hg(NO,), ●nd
AgMO, to give ● 20%

/ Ag,O-20% HgO-60% MnO,
mixture. HgO snd Ag,O
were precipitated in
the presence of MnO,
by the addition of
KOH.
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F!gure 2. - Apparatus for testing oxides.
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